As yet there is no satisfactory quantitative method for clinical assessment of cell-mediated immunity in patients with suspected immunological deficiency disorders. The response of lymphocytes to PHA in culture appears to correlate closely with other indices of cellular immune competence (Lischner, Punnett, and DiGeorge, 1967) , although the precise mechanism of the reaction is still far from understood. Various workers have raised doubts about the value of the method as a measure of lymphocyte reactivity of use in clinical assessment, possibly contributed to by variations in technique between laboratories (Naspitz and Richter, 1968; Pentycross, 1969; Oppenheim, Blaese, and Waldmann, 1970) . These doubts have been further augmnented by the inadequancy both of control data and of comparative analysis between normal and abnormal lymphocyte responses.
The ultimate aim of this method is to provide the most sensitive discrimination between immunologicReceived for publication 5 July 1971. ally normal individuals and patients with immune defects, while at the same time keeping the test within practical bounds as a routine laboratory procedure rather than a specialized research investigation. The studies presented here have explored possible sources of variability in the response and shown that optimal practical conditions for these can be satisfactorily defined and controlled. As a result, a satisfactory method of quantitation allowing a high degree ofreproducibility and readily applicable to clinical investigation has been achieved.
The technical aspects of lymphocyte culture evaluated in this study include intraperson as well as person-to-person variations, cellular content of the cultures, PHA batch, atmospheric conditions, culture duration, and quantitation of response. Examples of the application of this lymphoctye culture met14od to a variety of clinical immunological deficiencies are included. A more detailed description of these abnormal responses is presented elsewhere Margaret G. Fitzgerald Materials and Methods
IV6T
Our routine method for culture of lymphocytes and quantitation of their response to the mitogen phytohaemagglutinin (PHA) has been detailed elsewhere (Fitzgerald, 1971) . In brief, one million lymphocytes in leucocyte suspension were cultured in 1 ml medium for 72 hours. A range of PHA (Wellcome brand) concentrations was used calculated on 50 mg protein/5 ml (Marshall and Norins, 1965) . Quantitation of the response was made using a DNA precursor.
Intraperson variation and technical reproducibility were investigated, interperson variation having been determined earlier (Fitzgerald, 1971) .
Experiments to ascertain the effect of a decreased non-lymphocytic concentration in the culture have been previously reported (Fitzgerald, 1971) . Parallel culture series were set up to test the influence on the response of the number of lymphocytes present in the culture.
Other culture variables investigated were time delay before setting up the cultures, PHA batch, atmosphere in the culture tubes, and culture duration. Serum in the medium was considered briefly.
Exposure time of cells to tritiated thymidine (3H-T) and its concentration in the medium were aspects of the quantitation technique studied.
A quench correction curve was constructed relating automatic external standard to percentage counting efficiency. Its basis was the routine culture procedure with the addition of varying amounts of red cells, because colour provided the major quench source in this system. Quenching by hyamine (Radin, 1958) was regarded as a constant factor.
Removal of red cells before culture (Bach and Voynow, 1966) or during the harvesting procedure (Junge, Hoekstra, Wolfe, and Deinhardt, 1970) PHA concentrations, has been reported (Fitzgerald, 1971) .
Repeated cultures using the lymphocytes of one individual also showed variation and the extent was measured by Junge et al (1970) They used whole blood micropreparations and reported a variation of 211 to 297 times control for one person's cells cultured four times at four weekly intervals. McIntyre and Cole (1969) found a range of 20 to 160 % 32P uptake x 10-3 at one PHA dose for one individual seven times over six weeks. However, statistical analysis of the variation is possible and has been made for the dose-response curves of four individuals prepared over a 12-month period. All the curves fell within the interperson standard curve area (curves of D Fig. 1 ), although the geometric standard deviation was slightly wider.
Response according to the number of lymphocytes present in culture has been found to vary by such workers as Schellekens and Eijsvoogel (1968) , McIntyre and Cole (1969) , and Siagian (1969) . Their results accorded with those of Watkins and Moorhead (1969) (Fig. 4) . No major differences appeared to result from the use of different batches of Burroughs Wellcome lot K phytohaemagglutinin.
More efficient conditions prevailed (Fig. 5) when the atmosphere in which the cells were cultured was 5 % C02/95 % air than when the tubes were stoppered. Dutton and Eady (1964) and Eijsvoogel, 1968; Siagian, 1969; Rubiii, 1970; Brown, 1971) , although in the system used by McIntyre and Cole (1969) the peak response appeared to occur at seven days. Our comparative series of culture durations consistently showed a maximum response at 48 hr (Fig. 6 ).
RADIOACTIVE QUANTITATION
Incorporation of thymidine-2-14C (specific activity 12-5 mCi/mM) during the 24-hr period 48 to 72 ' hours) culture was shown to be linear by Schellekens 2 and Eijsvoogel (1968) . The investigation of thy-.2 midine concentration revealed a dose effect below 2-9 jug/ml. Bain (1970) observed that 3H-T concen-D tration, and the time for which the cells are exposed, < were aspects of quantitation of the response that 5 could be varied and still give adequate results. This coincides with our results (Figs. 7 and 8) .
In ascertaining the reproducibility of the technique, Schellekens and Eijsvoogel (1968) calculated the coefficient of variation for 450 cultures prepared in triplicate and found that 840% had coefficients of variation of 15 %. The geometric mean and standard deviation from our experiment with 10 replicates per PHA concentration (Fig. 9) indicates that good technical reproducibility is attainable and it is adequate to average the results of duplicate cultures. 
TYPE AND NUMBER OF LEUCOCYTES
The effect that cells other than lymphocytes exert in the response has shown to be significant by Levis and Robbins (1970) when a markedly reduced response by purified lymphocytes to antigens and PHA was restored by the addition of glass-adherent cells. In contrast, Schellekens and Eijsvoogel (1968) indicated that the addition of granulocytes to purified PHAstimulated lymphocytes does not sigificantly alter the 14C-thymidine uptake and we have demonstrated that elaborate purification of the leucocyte preparation is unnecessary (Fitzgerald, 1971 The quantitative routine method of lymphocyte culture outlined has shown its reproducibility and susceptibility to analysis. The technique has been applied up till now in its routine form to patients with suspected immunological deficiency disorders. Even in its present form the technique has demonstrated defects of lymphocyte reactivity in vitro in six patients with ataxia telangiectasia, and in seven patients with infantile sex-linked agammaglobulinaemia (Hosking et al, 1971 group.bmj.com on November 7, 2017 -Published by http://jcp.bmj.com/ Downloaded from
